Background and Purpose-Whether a history of carotid endarterectomy influences patient compliance with medical treatments and physician attitude toward treatments after ischemic stroke or transient ischemic attack (TIA) is not well known. Methods-We studied the baseline data of 18 467 ischemic stroke and TIA patients from the international REduction of Atherothrombosis for Continued Health (REACH) Registry and investigated the impact of a history of endarterectomy on the secondary medical prevention measured by the use of antiplatelet agents and statins, and by the control of cholesterol level, glucose level, and blood pressure. Results-Among the patients with a history of ischemic stroke or TIA, those with a history of endarterectomy (nϭ1474) were more likely to receive antiplatelet agents and statins, to have a blood pressure Ͻ140/90 mm Hg, and a fasting total cholesterol Ͻ200 mg/dL. In diabetic patients, endarterectomy was associated with lower fasting blood glucose levels. In multivariate logistic regression analyses, endarterectomy was significantly associated with the use of antiplatelet agents (odds ratio [OR], 1.6; 95% CI, 1.3 to 1.9; PϽ0.0001) and statins (OR, 1.8; 1.6 to 2.0; PϽ0.0001), and with a cholesterol level Ͻ200 mg/dL (OR, 1.3; 1.2 to 1.5; PϽ0.0001). By contrast, the associations with blood pressure and blood glucose levels were no longer significant. There was no heterogeneity across the world regions or among the specialists who enrolled the patients. Conclusions-Carotid endarterectomy is associated with a higher use of antiplatelet agents and statins in stroke/TIA patients. The absence of such an association with blood pressure and blood glucose control suggests that the individual determinants of the quality of the secondary medical prevention vary from one risk factor to another and from one class of drugs to another. (Stroke. 2006;37:2880-2885.)
N
umerous studies have clearly shown that there is a substantial gap between recommendations in guidelines and actual care of patients with atherothrombotic diseases. [1] [2] [3] [4] [5] [6] Only a minority of patients are at target goals for blood pressure, glucose, and cholesterol, and despite an overwhelming amount of data in support of statins and antiplatelet therapy, these classes of drugs are not being prescribed at optimal rates. 2 In addition to secondary medical prevention, some patients with severe atherosclerosis benefit from specific interventional approaches, such as carotid endarterectomy (CE), coronary artery bypass graft surgery, or percutaneous coronary interventions mostly with stent implantation. Whether these interventions influence patient compliance and physician medical choices remains unknown, because there is no study specifically addressing this issue. CE is the most frequently performed vascular surgical procedure in the United States, and the rates continue to increase in Europe. 7 One retrospective study has suggested that medical secondary prevention of patients who had CE was not optimal. 8 However, there was no comparative group of patients without CE.
We studied the baseline data of 18 467 ischemic stroke and transient ischemic attack (TIA) patients from the international REduction of Atherothrombosis for Continued Health (REACH) Registry and investigated the impact of a history of CE on the secondary medical prevention measured by the use of antithrombotic drugs and statins, and by the control of cholesterol level, glucose level, and blood pressure.
Methods
The design and methodology of the REACH Registry, an international, prospective, observational registry have been published elsewhere. 2, 9 Briefly, consecutive eligible outpatients aged 45 years or older with established coronary artery disease (CAD), cerebrovascular disease (ischemic stroke or TIA), or peripheral arterial disease (PAD), or with at least 3 atherothrombotic risk factors were enrolled over a 7-month recruitment period on a worldwide basis between December 2003 and June 2004. The protocol of the REACH registry was submitted to the institutional review board in each country according to local requirements and signed informed consent was obtained for all patients. The protocol of the present study was submitted to and approved by the REACH Steering Committee in January 2005 before all data were collected.
The diagnosis of stroke or TIA was documented by hospital or neurologist report. Documented CAD consisted of Ն1 of the following criteria: stable angina with documented coronary atheroma, history of percutaneous coronary intervention, history of coronary bypass graft surgery, or previous myocardial infarction. Documented PAD consisted of 1 or both criteria: current intermittent claudication with ankle-brachial index Ͻ0.9 or a history of intermittent claudication together with a previous and related endovascular or surgical intervention.
Among the 68 236 patients enrolled in the registry, 18 992 (27.8%) had a past history of ischemic stroke or TIA. We excluded 253 (1.3%) patients for whom the information on history of CE was missing and 272 (1.4%) patients who had a history of carotid angioplasty and no history of CE. Patients who had a history of both CE and carotid angioplasty (nϭ244) were not excluded. Thus, 18 467 patients formed the basis of this study. Data on risk factors, physical examination, and medications were collected centrally via use of a standardized international case report form, completed at the study enrolment visit. The risk factors consisted of those that were documented in the medical record or for which patients were receiving treatment: diabetes (any history of diabetes or current diabetes diagnosed by at least 2 fasting blood glucose measures Ͼ126 mg/dL, treated or not), hypertension previously or currently treated, atrial fibrillation (paroxysmal, persistent or permanent), and smoking status (never, former, current). Baseline seated systolic and diastolic blood pressure, and most recent available fasting glucose (nϭ14 285; 77%) and cholesterol levels (14 313; 78%) were obtained. Treatments taken regularly by the patients including antiplatelet agents, oral anticoagulants, lipid-lowering agents, cardiovascular agents, and antidiabetic agents at the time of enrolment were recorded.
The evaluation of secondary medical prevention was based on the current recommendations when patients were enrolled in the registry. 10 We calculated the proportion of patients receiving antithrombotic agents (antiplatelet drugs or anticoagulants) and statins. 10 Although the use of statins is not recommended in all stroke/TIA patients, we included these drugs in our analysis because growing evidence demonstrates that statins reduce the risk of coronary events, regardless of cholesterol levels in stroke/TIA patients, as mentioned in most recommendations for prevention after a stroke or a TIA. 10 -12 The quality of risk factor control was assessed by calculating the proportion of patients with blood pressure Ͻ140/90 mm Hg and fasting cholesterol level Ͻ200 mg/dL. Hemoglobin A 1c was not collected in the REACH Registry. Therefore, the quality of glycemic control in diabetic patients was assessed by calculating the proportion of patients having a fasting blood glucose Ͻ135 mg/dL, corresponding to 6% of hemoglobin A 1c . 13 
Statistical Analyses
Continuous variables are expressed as mean (SD) and categorical variables as percentages. Categorical variables were compared using the Pearson 2 test and continuous variables using the t test. The associations between a prior history of CE and use of antithrombotic drugs, use of statins, cholesterol level control, glucose level control, and blood pressure control were assessed by calculation of crude and adjusted odds ratios (OR) in logistic-regression analyses. Models were adjusted for region, physician's specialty, age, gender, hypertension, diabetes, hypercholesterolemia, smoking status, CAD, PAD, atrial fibrillation, time lapse from stroke/TIA, type of event (stroke, TIA), and relevant treatments. We evaluated heterogeneity in our results across world regions and specialists with Breslow-Day 2 tests. To assess the internal validity of the results, the same analyses were performed after exclusion of patients with atrial fibrillation (ie, those which potentially had a cardioembolic stroke) and those who had clinical manifestations of atherothrombosis in other arterial territories (CAD and PAD). Statistical analyses were performed using SAS software version 8.01 (SAS Institute Inc) and STATA software version 8.0 (StataCorp).
Results
Among the 18 467 stroke/TIA patients, 1474 (8%) had a history of CE (Table 1 ). In this group, patients were older and the proportion of males was higher compared with patients without previous CE. In addition, patients with a history of CE were more likely to have a history of hypertension, smoking, hypercholesterolemia, a history of clinical manifestations of atherothrombosis in other arterial territories, and they were slightly more likely to be overweight or obese. The majority (79%) of patients with a history of CE were from North America and Western Europe. Table 2 shows that patients with a history of CE were more likely to receive antiplatelet or any antithrombotic agent and statins or any lipid-lowering agent, to have a blood pressure Ͻ140/90 mm Hg, and a fasting total cholesterol Ͻ200 mg/dL. A history of CE was also associated with lower fasting blood glucose in diabetic patients. As there was no difference in the use of anticoagulants between both groups, antiplatelet agents were used in the following analyses.
The associations between CE and use of antiplatelet agents or statins, and between CE and cholesterol level control were consistent across the different regions of the world and among the different specialists who enrolled patients (Figure) . By contrast, the relation between CE and blood pressure Ͻ140/90 mm Hg was no longer significant after adjustment for world regions. These findings were similar when analyses were restricted to patients who had a diagnosis of hypertension or when blood pressures Ͻ120/80 or Ͻ160/100 mm Hg were chosen as cut-offs. Similarly, the relation between CE and blood glucose Ͻ135 mg/dL in diabetic patients was not significant after adjustment for world regions (data not shown).
In logistic regression analyses, CE remained significantly associated with the use of antiplatelet agents (OR, 1.6; 95% CI, 1.3 to 1.9; PϽ0.0001), the use of statins (OR, 1.8; 1.6 to 2.0; PϽ0.0001), and a cholesterol level Ͻ200 mg/dL (OR, 1.3; 1.2 to 1.5; PϽ0.0001) in the whole population as well as in the different prespecified subgroups (Table 3) . Patients with previous CE were also more likely to receive either statins or antiplatelet agents (OR, 2.0; 1.5 to 2.7) and both statins and antiplatelet agents (OR, 3.2; 2.4 to 4.3), with a significant trend (PϽ0.0001). There was a significant interaction (Pϭ0.0005) between CE and statins in relation to cholesterol level. Indeed, CE was significantly associated with cholesterol Ͻ200 mg/dL in patients receiving statins (OR, 1.3; 1.1 to 1.6; Pϭ0.0002) but not in those who did not receive this class of drug (OR, 1.0; 0.8 to 1.4). All these results were similar when any antithrombotic agent instead of antiplatelet agents or any lipid-lowering agent instead of statins was used for analysis (data not shown).
Discussion
We have shown that, in the large international REACH Registry, stroke/TIA patients with a history of CE were more likely to receive antiplatelet agents or statins, even more likely to receive both drugs, and to have lower cholesterol levels compared with patients with no history of CE. The association between history of CE and cholesterol level was observed in patients receiving statins. Our findings were not explained by potential confounders, such as vascular risk factors or involvement of other arterial territories, and were Time since stroke/TIA corresponds to the time between the qualifying stroke/TIA and the inclusion in the registry.
BMI indicates body mass index (calculated as weight in kilograms divided by the square of height in meters).
Ex-smoker: at least 5 cigarettes per day as a mean Ͼ1 month before entry into registry. Current smoker: at least 5 cigarettes per day as a mean within the past month before entry into registry. consistent across the different regions of the world and among the different specialists who enrolled the patients. These results contradict those of a previous smaller study showing that among 1041 patients with a history of CE, only 5% received a sustained prescription of antiplatelet agents and 38% a sustained prescription of statins. 8 However, the proportion of patients with a previous stroke or TIA was unknown and there was no comparative group. Nevertheless, our findings are consistent with those of another study suggesting that a history of percutaneous coronary intervention and bypass surgery were associated with better medical secondary prevention in CAD patients. 5 It is unclear how CE affects the use of antithrombotic drugs or statins and the quality of cholesterol control in stroke/TIA patients. Because similar trends were observed across all world regions, factors related to health care systems are unlikely to explain our findings. They could be explained by improved patient compliance with treatments and diet regimens, as a result of the psychological impact of surgery, and/or increased physician motivation to treat patients with severe atherosclerosis more aggressively. Because patients who received lipid-lowering drugs were classified as having hypercholesterolemia, we were not able to identify whether CE patients were more likely to have been investigated (and consequently treated) for hypercholesterolemia or treated with statins independently of their cholesterol levels. However, the REACH Registry was not designed to address explanations of our findings.
By contrast, we did not find any association between a history of CE and control of diabetes and blood pressure. The
Relation between history of carotid endarterectomy and the different components of the medical secondary prevention across the different world regions and enrolling physician specialty. P(het)ϭprobability value for 2 heterogeneity (Breslow-Day). All pooled ORs were statistically significant with PϽ0.00001. GP indicates general practitioner. Variables included in the models are listed in methods. In the analyses relating to control of cholesterol level, glucose level, and blood pressure, models were also adjusted for respective related treatments.
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greater complexity of the management of hypertension and diabetes, requiring strict and regular monitoring to tailor treatment, could explain this finding. In both conditions, the interactions between patients and physicians are probably more complex and potentially less likely to be influenced by a surgical procedure. 14 -16 Antithrombotic therapy is the cornerstone of secondary prevention after ischemic stroke or TIA. The proportion of patients who did not receive any antithrombotic agent in the REACH Registry (8%) was similar to that reported in previous studies conducted in different countries and different settings. 3, 6, 17, 18 Although the generally large utilization of statins observed in patients with a history of CE is somewhat reassuring, our results also emphasize the underuse of this class of drugs in the much larger group of atherothrombotic stroke/TIA patients who do not have a history of CE. In fact, the majority of patients with ischemic stroke or TIA should be considered for statins regardless of their cholesterol levels. 19 Although we consider our findings to be valid and convincing, this study has some limitations. First, despite efforts to ensure the inclusion of representative patients from every participating country, this study was not a population-based study. Moreover, patients with CE were mostly from North America or Western Europe, which limits the generalizability of the results. The proportion of patients who underwent CE was lower in regions where the prevalence of large artery disease is known to be low (ie, mainly Japan and Asia). However, the prevalence of risk factors and the proportion of patients who had CE was very close to that observed in different stroke/TIA population-based studies, 20 -22 and trends were the same across world regions. Second, as physicians participating in the registry may have been more apt to provide better care, we could have overestimated the use of preventive strategies. Conversely, we were not able to determine whether undocumented contraindications to medications or economic limitations affected the lack of medication use. However, these biases are unlikely to be related to history of CE. Moreover, because patients included in this registry were outpatients, they were unlikely to be severely disabled or to have comorbidities that could have contraindicated some treatments. Third, we used fasting blood glucose instead of hemoglobin A 1c to evaluate glycemic control in diabetic patients, which could have masked a relation with CE. However, using 170 mg/dL as a threshold (ie, corresponding to 7% of hemoglobin A 1c ) 13 did not change our findings (data not shown). Therefore, such an association would have probably been small and irrelevant.
In conclusion, CE is associated with an increase in the use of antiplatelet agents and statins in stroke/TIA patients. The absence of a similar relation with blood pressure and blood glucose control suggests that the individual determinants of the quality of the medical secondary prevention after a stroke or a TIA vary from one risk factor to another and from one class of drugs to another. Finally, this better medical secondary prevention in CE patients should be taken into account in the interpretation of the results of trials comparing carotid surgery to medical treatment.
